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Outline

• FluxByCldTyp (FBCT) product description
• Beta Tester Results

– Cloud fraction difference vs. Goddard
– SW Radiative Kernels

• FluxByCldTyp Product Update
• Future work and Timeline to release
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Flux by Cloud Type (FluxByCldTyp) Data

§ A daytime dataset that stratifies CERES observed fluxes and MODIS 
cloud properties from the SSF data into 42 cloud type bins based on 
cloud optical depth (tau) and cloud effective pressure. 

§ Motivation: To provide the community a data set with both radiative 
fluxes and cloud properties by cloud type for modeling and 
observational studies.  
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CERES SSF Footprint Structure
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• CERES footprint size: 20km nadir
• The footprint is divided into Clear, Cloud 
Layer 1, Cloud  Layer 2 areas (sub-footprint), 
based on MODIS pixel level (2km resolution) 
cloud properties
• Compute the Broadband flux for each sub-
footprint area from the MODIS channel 
radiances. NB to BB coefficients based on full 
coverage footprints
• Normalize the computed footprint flux with 
the observed flux
• Stratify fluxes by Pc-Tau

Aim:  To obtain flux for each of the three sub-footprint 
areas: clear, lower cloud and upper cloud.

clr cld1 cld2
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Cloud fraction differences between 
CERES and Goddard

• The cloud mask fraction = retrieved + no-retrieved fraction
• CERES cloud code minimizes the number of no retrievals. Needed 

for ADM selection, otherwise must use neural network ADMs
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FBCT – SSF1deg cloud fraction (%), Jan 2010

Mean=0.3%
sigma=3.3%

FBCT relies on retrieved clouds
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Cloud fraction differences between 
CERES and Goddard
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MOD08(Terra) – FBCT(Terra) 
cloud fraction (%), Jan 2010

Mean = 0.7%

MOD08(Terra) – FBCT(Terra) 
retrieved fraction (%), Jan 2010

Mean = -18%

FBCT relies on retrieved clouds



impacted by changes in the vertical distribution. Con-
versely, the SW cloud radiative kernel is negative for all
cloud types, indicating that increases in cloud fraction
result in increases in SW reflection to space and vice
versa. The impact of cloud fraction changes on SW
fluxes is much greater for thick clouds but does not de-
pend strongly on CTP. The small dependence on CTP
exhibited in the SW cloud radiative kernels is most likely
due to the decreasing attenuation of SW radiation by
above-cloud gaseous absorption with decreasing CTP.

Generally, a shift in the cloud distribution to-
ward higher and thinner categories results in a positive

(warming) impact on net TOA fluxes. However, note
that the largest positive net flux sensitivity is for in-
creases in high cloud fraction for t between 1.3 and 3.6
(see also Fig. 13b of Ackerman et al. 1988). A shift in the
distribution toward lower and thicker clouds makes the
net TOA fluxes more negative because of increased SW
reflection (due to the larger optical depth) and increased
LW emission (due to the lower height).

4. Computation of cloud feedback using cloud
radiative kernels

Multiplying the cloud radiative kernel (K) by the
change in cloud fraction histogram (DC) expressed in
percent gives an estimate of the contribution of each
cloud type to the change in TOA radiation associated
with climate change (in this case, a doubling of CO2):

DR 5 KDC. (2)

For a given grid point and month, DC is multiplied by the
cloud radiative kernel that corresponds to the control
climate’s clear-sky surface albedo for that location and
month. Because the kernel is computed using the atmo-
spheric and surface conditions from the control climate,
the change in TOA fluxes computed in this manner is
due solely to the change in clouds (i.e., no clear sky flux
changes are included), which is the quantity relevant for
cloud feedback. Dividing this response by the change in
global mean surface air temperature (DTs) provides an
estimate of the cloud feedback ( f) due to changes in the
amount of each cloud type:

f 5
DR

DTs

. (3)

Note that f and DR are both functions of CTP, t, latitude,
longitude, and month. Summing f over all cloud types
produces an estimate of the local contribution to the
cloud feedback, which can then be averaged over the
entire planet and over all months to compute the global
and annual mean cloud feedback.1 Unless otherwise

FIG. 1. Global, annual, and ensemble mean (a) LW, (b) SW, and
(c) net cloud radiative kernels. In each model, the kernels have
been mapped to the control climate’s clear-sky surface albedo
distribution before averaging in space; thus, the average kernels are
weighted by the actual global distribution of clear-sky surface
albedo in each model.

1 Hereafter we refer to the radiative perturbations brought
about by cloud changes as cloud feedback, with the implicit as-
sumption that the simulated changes in clouds evolve with the
change in global mean surface temperature. Gregory and Webb
(2008) have provided evidence that a portion of the cloud-induced
radiation response that is typically considered cloud feedback ac-
tually occurs due to very rapid tropospheric adjustment following
a step change in CO2 concentration, and that the portion due to
cloud changes that evolve with temperature (i.e., the true cloud
feedback) may be smaller in magnitude and even opposite in sign.
CFMIP1 data do not permit us to distinguish between these two
types of cloud changes; thus, what we refer to as cloud feedback
may be a combination of these effects.
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Oreopoulos FluxByCldTyp data
LW Cloud Radiative Kernel SW Cloud Radiative Kernel Net Cloud Radiative Kernel

Zelinka Model
Kernels by cloud type

By OreopoulosKernel Unit: Wm-2%-1 𝑅 =
𝐶𝑅𝐸
100



Kernel Unit: Wm-2%-1

Kernels by cloud type (2010 Annual Global)

𝑅 =
𝐶𝑅𝐸
100



FBCT Cloud Fraction
2010 Annual Global Mean

Total Cloud Fraction = 66.7%
Very small amount of Clouds occur at high SZA 
over polar regions, unreliable cloud retrieval. 
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FBCT Product Update

• Add albedo to parameter list
• FBCT is a daytime product

– Limit SZA to 82o, consistent cloud retrievals
– no-twilight retrievals

• Add daily product 
– Both daily and monthly to be publicly released
– Both datasets will have the same parameters
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Albedo
FBCT vs SSF1Deg 201001 Terra-only
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Clear Sky All Sky
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SZA 82°vs 86.5°Fluxes
Jan 2010 Terra

• 86.5°is the limit for CERES footprint observed SW fluxes
• 82°is the limit for daytime retrieved cloud properties
• Validate the results against 86.5°to make sure algorithms are consistent
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Minimal difference except for terminator 
and band before 24-hour illumination

86.5°minus 82°SZA difference86.5°SZA

82°SZA
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SZA 82°vs 86.5° fluxes
Jan 2010 Terra

11/1/19 13

LW Clear-skyLW All-sky

SW Clear-skySW All-sky
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LW Clear Sky Issue

Before

Mean = -4.8W/m2

After

Mean = -1.2W/m2
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Future Work and Timeline

§ Improve LW Clear Sky fluxes by reducing possible 
cloud contamination similar to EBAF filter

§ The entire record will be run and validated before 
delivery. (end Nov 2019)
§ Set up on CERES sub-setter for validation

§ 6 weeks to implement FBCT at the DAAC and run 
dataset

§ Publicly release (end Jan. 2020)
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Thank you!

For more information:
https://ceres.larc.nasa.gov/ 


